Abstract: Ankylosing spondylitis is a spondyloarthropathy affecting the sacro-iliac joints with subsequent progression to the spine and the hip joints. The hip joints are affected by synovitis, enthesial inflammation, involvement of medullary bone, progressive degeneration and secondary osteoarthritis. Clinical presentation is usually in the form of pain and stiffness progressing to disabling fixed flexion contractures and in some instances, complete ankylosis. Hip arthroplasty should be considered for hip pain, postural and functional disability, or pain in adjacent joints due to hip stiffness. We conducted a literature review to determine peri-operative considerations and outcome in ankylosing spondylitis patients undergoing hip arthroplasty. In this review, we have discussed pre-operative surgical planning, thromboprophylaxis, anaesthetic considerations and heterotopic ossification. Outcomes of arthroplasty include range of movement, pain relief, survivorship and complications.
INTRODUCTION
Ankylosing spondylitis (AS) is a seronegative inflammatory rheumatologic disease of unknown etiology characterised by inflammation of joints of the axial skeleton. It is one of a number of Human Leucocyte Antigen (HLA) B27 associated inflammatory disorders which are classified under the umbrella terminology of Spondyloarthritis.
The disease often affects the sacro-iliac joints initially, with subsequent progression to the spine and the hip joints. Tendon attachments around affected joints become inflamed predisposing them to develop fibrosis, followed by calcification and finally resulting in joint ankylosis. The extent of skeletal involvement can vary widely. However, with the potential for complete ankylosis of the axial skeleton and involvement of the hips, the resultant deformities can lead to severe functional impairment. Hip arthroplasty is offered when hip pain becomes severe or when restricted movements adversely affect function.
AS typically affected patients in the second to forth decades of their lives, with a male to female ratio of 3:1. A recent systematic literature research demonstrated the variation in prevalence of AS between continents and reported the mean per 10,000 (from 36 eligible studies) as 23.8 in Europe, 16.7 in Asia, 31.9 in North America, 10.2 in Latin America and 7.4 in Africa [1] .
INDICATIONS FOR HIP ARTHROPLASTY
The reported prevalence of hip disease in AS varies from between 19 and 36% [2, 3] , with 90% presenting with bilateral symptoms [4] . The hip joint can be affected by a number of processes including synovitis [5] , enthesial inflammation [6] , involvement of medullary bone [7] , progressive degeneration and secondary osteoarthritis. Clinical presentation is usually in the form of pain and stiffness progressing to disabling fixed flexion contractures and, in some instances, complete ankylosis. There are postural and functional challenges consequent to this. In general, a hip with bony ankylosis is painless and, if in a functional position, may provide a stable platform for ambulation [8, 9] . However, mobilising with a fused hip requires adequate spinal mobility and normal functionality on the contralateral side. This often lacks in patients with AS.
Hip arthroplasty could be considered for hip pain, or postural and functional disability. Another indication is pain in adjacent joints due to stiffness in the hip [10] .
One study placed the risk of requiring a total hip replacement within 30 years of a diagnosis of AS between 12 and 25% [2] . A number of risk factors have been identified for those patients who are more likely to require hip arthroplasty. Patients with Juvenile-onset AS present both clinically and radiologically with more peripheral joint involvement requiring arthroplasty [11] . A restriction of axial mobility [12] and limited flexion and extension of the hip joint [13] have also been identified as risk factors.
A review of AS patients in the Norwegian Arthroplasty Register (which has covered 98% of primary hip arthroplasties in Norway since 1988) showed the mean age at surgery increased significantly from 49.9 years prior to 2002 and 56.4 years thereafter, which led to a suggestion that this may be related to the introduction of TNF-alpha inhibitors [14] .
We conducted a literature review to determine perioperative considerations and outcome in AS patients undergoing hip arthroplasty. Table 1 summarises the outcomes of total hip arthroplasty in these patients reported in the English literature and includes the number of hips operated on, the implant type, mean follow-up, postoperative range of movement, pain relief, incidence of heterotopic ossification, survivorship and revisions.
PERI-OPERATIVE CONSIDERATIONS

Pre-Operative Planning
AS patients present with debilitating pain and postural deformity through a combination of spinal, pelvic and hip disease. This poses unique problems for hip arthroplasty surgeons. Careful clinical and radiographic assessment of the entire spine, pelvis and lower limbs is essential to accurately evaluate the effect that surgery will have on function. Standing antero-posterior and lateral long leg films are recommended to assess postural alignment [15] .
Surgical management of deformity primarily involves hip arthroplasty and, less frequently, spinal osteotomy for correction of kyphotic deformity [16] . Occasionally a patient may require both. Earlier papers suggested that hip arthroplasty should be performed first [17] [18] [19] . A review of 28 consecutive patients who underwent both a spinal osteotomy and a total hip arthroplasty (22 spine osteotomy first, 6 arthroplasty first), revealed two anterior dislocations in the group having hip arthroplasty prior to spinal correction, leading the authors to recommend spinal correction prior to embarking on hip arthroplasty [20] . Tang et al. [15] also reported two anterior dislocations in a series of 58 hips using the posterior approach. They went on to recommended spinal surgery first in cases of severe spinal kyphosis.
Preventing hip dislocation is an important pre-operative and intra-operative consideration. The functional position of the arthroplasty, taking into account of any alterations, future spinal surgery will produce, is paramount. Patients often present with posterior pelvic tilt are as part of their axial disease or to compensate for fixed hip flexion. The higher rate of anterior dislocations has been blamed on this, with subsequent recommendations to insert the cup with less anteversion [15] . Debarge et al. reported that the pelvis of patients with ankylosing spondylitis tilted posteriorly by a mean of 15° compared to normal subjects [21] . A parametric experimental model to evaluate posterior pelvic tilt and arthroplasty instability found that 20° of posterior pelvic tilt failed to achieve a safe range of movement, when the cup was positioned in the Lewinnek's safe zone. Reduced anteversion in the range of 0° to 10° appeared to be acceptable to compensate for pelvic tilt [22] .
Additional contracture releases for AS patients are common, and again, these need to be considered both preoperatively and intra-operatively. Knee contractures may be accentuated by hip surgery and may need to be addressed separately [23] . Fixed flexion deformity of the hip may require sequential intra-operative release of the anterior capsule, adductor longus tendon and iliopsoas.
Anaesthetic Considerations
Ankylosing Spondylitis can have a number of extraarticular manifestations. Cardiac manifestations have been termed as HLA-B27 Cardiac Syndrome consisting of aortic insufficiency, conduction disturbances of the atrioventricular node with a probable subsequent indication for a paced rhythm, and myocardial involvement with a possible compromise of left ventricular function [24] . Involvement of the chest wall leads to reduced chest expansion with compromise of pulmonary function and this should be assessed preoperatively. Intubation can be complicated by cricoarytenoid arthritis, vocal cord fixation and deformities of the temporomandibular joints and cervical spine. A combination of cervical kyphosis and osteoporosis also leads to complexities in patient positioning. A rigid, unsupported, cervical spine is most susceptible to hyperextension injuries, and this is the most common site for fractures in AS patients [25] . Reports in the literature of a fracture dislocation of the lumbar vertebrae during the peri-operative period [26] and two cases of iatrogenic paraplegia after thoracic extension fractures when undergoing hip arthroplasty serve as stark reminders of the difficulties in transferring and positioning AS patients [27] .
Thromboprophylaxis
With no current worldwide consensus on thromboprophylaxis for hip arthroplasty and studies refuting national guidelines [28] , centres may currently have individual local guidelines. There is no evidence to suggest AS patients have a different risk to other hip arthroplasty patients. A study in China with a cohort of predominantly young and thin AS patients found a decreased rate of deep vein thrombosis when comparing 54 arthroplasties in the AS group with 95 arthroplasties in an osteoarthritic group [29] .
Heterotopic Ossification
Heterotopic ossification (HO) is a complication that can impact patients with AS undergoing hip arthroplasty. Early studies reported high rates of between 9% and 100% [18, 19, [30] [31] [32] [33] [34] . Brinker et al. went as far as critically reviewing these papers and revealing potential confounding risk factors such as the use of a trochanteric osteotomy or pre-operative bony ankylosis. Additional risk factors have also been identified; patients who have had multiple operations on the hip or those that develop post-operative infection [36] .
Not all patients with radiographic signs of HO will develop symptoms. Brooker's [37] scale of I-IV quantifies the extent and therefore severity of HO, ranging from small islands of ossification to apparent ankylosis. HO can be commonly seen in hip arthroplasty in general, with one series reporting a rate as high as 47%; despite this only 11% had clinical symptoms and these were all graded Brooker 3 or 4 [38] . The HO rate analysis seen in Table 1 is therefore divided into three groups Brooker I and II, Brooker III, and Brooker IV to reflect the likely functional outcomes. Only one in the five most recent studies in the analysis revealed any clinically significant HO; 6 out of 31 hips with Brooker Grade 3 [39] . No prophylaxis was used in this study, whilst three out of the remaining four studies used prophylactic Indomethacin [40] [41] [42] and one other paper did not [43] .
Prophylaxis of HO has largely been with the use of nonsteroidal anti-inflammatory drugs (NSAIDs) and perioperative radiation therapy. NSAIDs reduce HO by inhibiting inflammatory cells that aid in remodelling and formation of bone [44, 45] . Post-operative treatment should start within 5 days. The duration of therapy has ranged from 7 days to 6 weeks in different studies with comparable outcomes [44] . There was no significant difference found between the different types of NSAIDs; Indomethacin, diclofenac or naproxen [46] . The risks of NSAIDs, gastric ulceration, renal impairment and cardiovascular complications, need to be considered, and intra-operative fracture healing could also be affected. Additionally, integration of cementless components may be negatively influenced by use of NSAIDs. Radiation therapy has been used to prevent and treat HO, by virtue of its potential to target pleuripotential mesenchymal cells, thereby reducing or halting formation of new bone. Hashem et al. recruited 47 patients at high risk of HO, including patients with AS, and treated all of them with post-arthroplasty radiotherapy. They showed statistically low rates of HO [47] . In a larger study of eighty-six hips treated with pre-operative radiation as prophylaxis against HO, utilising varying doses of radiation, the rate of HO was low suggesting that this was an effective measure. The rates did not differ with increasing dose of radiation. Complications highlighted from this study included non-union in cases of trochanteric osteotomy and trochanteric bursitis [48] . In general NSAIDs seem to provide superior results when compared to radiation with the added benefit of analgesia [46] .
In conclusion there is no strong evidence that all AS patients undergoing total hip arthroplasty should receive HO prophylaxis. However in patients with a history of HO, multiple surgery, or infection, prophylaxis should be considered in the form of pre-operative and post-operative radiation and NSAIDs.
OUTCOMES
In 1970 Welch and Charnley [49] published results on low friction arthroplasty of the hip in Rheumatoid Arthritis and AS. 307 hips were included of which 33 were in AS patients. Outcomes were presented in a combined group with 94.7% of patients reporting absolute pain relief and 3.9% temporary intermittent discomfort. An overall increase in mobility was also reported. Since these early reports a relatively large number of retrospective series have been published. These papers reveal the evolution from using entirely cemented prostheses to more recent series of patients where uncemented prostheses were used. AS patients are on average a young group to require hip arthroplasty and there is now increasing evidence of prolonged survivorship in these groups when uncemented prostheses are used [50] . There are two series using metal resurfacing arthroplasties which have additionally been included in the review of outcomes ( Table 1) .
The variation in the type of prosthesis used and the lack of a universal pre-operative grading system to evaluate the severity of pre-operative hip disease makes comparisons difficult and must be reviewed with this consideration.
Range of Motion
When range of motion was accurately measured, they have universally been good. Post-operative range has improved as would be expected. The mean average across the ten papers that reported a total combined mean postoperative range of motion, was 167 degrees [12, 18, 19, 23, 35, 36, [40] [41] [42] 51] . The highest range of post-operative motion was seen in the hip resurfacing groups (202 and 205 degrees) [41, 42] .
Pain Relief
A number of papers have reported significant relief of pain, and others have quantified this with a percentage of post-operative patients who are pain free or very occasionally experience mild pain. Grouping this together revealed the average percentage of excellent pain relief across these 14 papers as 91.6% [3, 4, 15, 18, 19, 23, 35, 40, 43, [51] [52] [53] [54] [55] . This figure is lowered by the results of Bhan et al. [40] who only included patients with pre-operative bony ankylosis and subsequently reported a rate of 62%. They also went on to comment that in this specific group of patients, some were painfree preoperatively and subsequently developed pain after hip arthroplasty.
Survivorship
Seven of the studies analysed in this review provided Kaplan Meyer analysis of survivorship over time, and six had at least 15 years follow-up. Across these papers the calculated mean survival at 10 years was 91.8% and at 15 years 71.75% [4, 15, 39, 51, 55, 56] . Prior to this analysis Calin and Elswood reported 12 revisions in 138 hips over a follow-up period of 1-34 years [3] . These results are encouraging and can be quoted as part of the decision process for the AS patient deciding on hip arthroplasty.
When revision surgery not for infection has been required (aseptic loosening), it is more frequently due to acetabular component loosening rather than femoral stem loosening.
Complications
With a patient group containing a high number of fixed deformities, ankylosis, abnormal posterior pelvic tilting, inflexible spines and osteoporosis it is in not surprising that there are a number of reported complications. Both anterior and posterior dislocations have been reported with a far higher number of anterior dislocations when compared to routine hip arthroplasty from a posterior approach for osteoarthritis [15, 21, 40] . Fractures are not only seen in the spine due to transfer and positioning of patients [11, 12] , but intra-operatively around the proximal femur which can be osteoporotic and difficult to access without adequate soft tissue releases [18, 35, 38, 39, 42, 48] .
DISCUSSION
Hip involvement is more common in juvenile or generally earlier onset AS, and is often seen bilaterally. The survivorship of the resultant arthroplasties therefore becomes paramount in both patient's and clinician's minds. It is therefore useful to discuss and compare the outcome of AS hip arthroplasty with groups of young patients who required hip arthroplasty for other reasons. A recent systematic review of total hip arthroplasty in patients under 30 years old with a variety of causative pathologies for their severe hip disease (predominantly osteonecrosis, juvenile rheumatoid arthritis and developmental dysplasia) found substantial clinical improvements in patients' function and pain. The revision rate across all papers was 19.86% for the acetabular components and 6.5% for the femoral side over a follow up period which ranged from 7.7-20 years [57] . This is comparable with the clinical outcome and revision rate for AS patients and also demonstrates a higher acetabular component failure rate than femoral component failure rate. Of the eight papers systematically reviewed there was a similar mix of cemented and uncemented prostheses and differing bearing surfaces. Further analysis revealed that uncemented hard on hard bearing implants may have a lower revision rate, although more studies with longer follow up are required.
Uncemented stem designs have shown good survivorship at 10 years across all ages [58, 59] and in patients under fifty years of age [59, 60] . Whilst the trend in younger patients is towards uncemented fixation, it is worth noting that the all cemented designs in the earlier papers did not reveal high revision rates, and hence the bearing surface may be a more important factor than the type of bone implant fixation. Polyethylene wear has been shown to be a causative factor for the loosening of acetabular components in situations where the femoral stem has remained well fixed [61] . Hip arthroplasty in young active patients where polyethylene is used provides an environment for wear and subsequent osteolysis [62] .
There is no doubt that total hip arthroplasty provides significant pain relief and/or greatly improved range of movement in patients with ankylosing spondylitis [63, 64] . In those that have hip joint ankylosis the procedure is performed to provide functional improvement as hip pain can be minimal. These patients are technically more challenging and may have a higher complication rate or develop new pain, and as such if arthroplasty is likely it should be offered before hip ankylosis. Early results would suggest that a hard on hard bearing could improve the survivorship of the prosthesis, and with the ongoing alerts regarding metal on metal bearings this increasingly points towards the use of ceramic bearings for AS patients [65] [66] [67] [68] .
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